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Abstract of JP6326120 

PURPOSE:To achieve the high-speed operation of a 
heterojunction bipolar transistor, to increase the 
breakdown strength of a collector and to achieve the 
high- speed operation of an integrated light- 
recieving circuit composed of a pin-type photodiode 
and of the heterojunction bipolar transistor which 
are formed on the same substrate. 
CONSTITUTIONS steep change in a potential 
inside a collector is set in InP (a collector layer 3) 
whose band gap energy is large, and the breakdown 
strength of the collector is ensured. In addition, the 
multilayer structure of the collector is formed as a 
BCT structure, and a voltage drop inside a collector 
layer 7 is set at 0.55eV or lower as the energy 
difference between the GAMMA band, one of the 
conduction bands of InGaAs, and the L band, one of 
the other conduction bands. 
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Description of corresponding document: US5557117 



BACKGROUND OF THE INVENTION 

The present invention relates to a heterojunction bipolar transistor and an integrated circuit device such as 
a photoreceiver opto-electro integrated circuit comprising the heterojunction bipolar transistors and a pin 
photodiode. 

In the heterojunction bipolar transistor, the emitter has a wider band gap than that of a base layer, so 
emitter injection efficiency can be advantageously kept high even when the impurity concentration of the 
base layer is high. In addition, the heterojunction bipolar transistor can be operated at a speed higher than 
that of a homojunction bipolar transistor because of the excellent electron transport properties of the 
compound semiconductor used in the base and/or collector layers. One of the typical examples of this type 
of transistors is an npn-InP/InGaAs-based heterojunction bipolar transistor. 

FIGS. 3 A and 3B respectively show the energy band diagram and layer structure of a conventional 
InP/InGaAs heterojunction bipolar transistor. 

This heterojunction bipolar transistor is constituted by an InGaAs collector contact layer 52 containing a 
high-concentration n-type impurity formed on a semi-insulating InP substrate, an InGaAs collector layer 
57 containing a low-concentration n-type impurity, an InGaAs base layer 58 containing a high- 
concentration p-type impurity, an InP emitter layer 59 containing an n-type impurity, and an InGaAs 
emitter contact layer 60 containing a high-concentration n-type impurity. 

A collector electrode, a base electrode, and an emitter electrode are formed on the collector contact layer 
52, the base layer 58, and the emitter contact layer 60, respectively, and each of these electrodes consists of 
Ti/Pt/Au. 

Since this structure uses InP as the emitter layer 59, which has a band gap wider than that of the base layer 
58, emitter injection efficiency can be kept high even at a high doping concentration of the base layer. In 
addition, due to the excellent electron transport properties of, InGaAs, the transistor can operate at a high- 
speed speed. 

In a heterojunction bipolar transistor, it is important to decrease transit time of electrons in the collector to 
increase the operation speed. As one of structures for realizing this, a collector structure of ballistic 
collection transistor (to be referred to as a BCT hereinafter) has been proposed (T. Ishibashi and Y. 
Yamauchi, "A possible near-ballistic collection in AlGaAs/GaAs HBT with a modified collector structure 
"IEEE Trans. Electron Devices, vol. 35, pp. 401-404, 1988). 

As shown in FIGS. 5 A and 5B, a collector layer 57 of the InP/InGaAs BCT structure is constituted by an 
undoped InGaAs layer 57b, an InGaAs layer 57c containing a p-type impurity at a high concentration, and 
an InGaAs layer 57d containing an n-type impurity at a high concentration. The same reference numerals 
as in FIG. 3B denote the same parts in FIG. 5B. 

The InGaAs layer 57c and the InGaAs layer 57d constitute a p-n junction to form a potential cliff near the 
interface between the collector and the collector contact layer. 

This potential cliff reduces the potential change in the collector layer 57b, and suppresses the transition of 
electrons passing through the collector layer 57b from T-valley to L-valley. As a result, the transit time of 
electrons in a collector is shortened to decrease the operation time of the transistor. 

However, the heterojunction bipolar transistors shown in FIGS. 3A, 3B, 5A, and 5B have a low collector 
breakdown voltage because a strong electric field is applied to a semiconductor with a low band gap 
energy located near the interface between the collector and the collector contact layer. 

The situation is very severe especially in the heterojunction bipolar transistor using InGaAs as the material 
of the collector, which has a band gap energy of the InGaAs is as low as 0.76 eV. 
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When the emitter is grounded, and collector current density is increased, the collector breakdown voltage 
becomes very low due to the high ionization coefficient 

In addition, in the BCT structure, a steeper potential change is produced near the interface between the 
collector layer and the collector contact layer to make the problem of the breakdown voltage more serious 
in a transistor using an InP/InGaAs-based material. 

FIG. 4 shows a structure of a photoreceiver opto-electro integrated circuit is constituted by conventional 
heterojunction bipolar transistors and a Pin photodiode which uses the same layers as the base layer 58, the 
collector layer 57, and the collector contact layer 52 of the above heterojunction bipolar transistor. This 
structure is described in, for example, K. D. Pedrotti, N. H. Sheng, R. L. Pierson, Jr., C. W. Farley, M. J. 
Rosker and M. F. Chang, "Monolithic ultrahigh-speed GaAs HBT optical integrated receivers", Tsch. Dig. 
1991 GaAs IC symp., pp. 205-208. 

The same reference numerals as in FIGS. 3 A and 3B denote the same parts in FIG. 4. In FIG. 4, reference 
numeral 51 denotes a semi-insulating InP substrate; 52a, an InGaAs layer containing n-type impurities at a 
high concentration; 57a, an intermediate InGaAs layer; and 58a, p-type layer consisting of InGaAs 
containing p-type impurities at a high concentration. The n-type layer 52a, the intermediate layer 57a, and 
the p-type layer 58a constitute a Pin photodiode. 

Referring to FIG. 4, reference numeral 61 denotes an emitter electrode formed on the emitter contact layer 
60; 62, a base electrode formed on the base layer 58; 63, a collector electrode formed on the collector 
contact layer 52; 62a, an ohmic electrode formed on the p-type layer 58a; and 63a, an ohmic electrode 
formed on the n-type layer 52a. In this case, the collector contact layer 52 and the n-type layer 52a, the 
collector layer 57 and the intermediate layer 57a, and the p-type base layer 58 and the p-type layer 58a are, 
respectively, simultaneously formed by epitaxial growth. In addition, the base electrode 62 and the ohmic 
electrode 62a, and the collector electrode 63 and the ohmic electrode 63a, respectively, are simultaneously 
formed. 

In this manner, the heterojunction bipolar transistor and the photodiode are formed on the same substrate. 

The photoreceiver opto-electro integrated circuit with the above Arrangement has not only a serious 
problem of the low collector breakdown voltage as described above, but also the following problem. 

In an integrated circuit implemented with a pin photodiode which is formed on the same semiconductor 
substrate using the base layer, collector layer, and collector contact layer of the heterojunction bipolar 
transistor, the response speed of an photo-excitation current of a photodiode with respect to incident light 
is not easily increased due to the following reason. That is, the incident light reaches the n-type layer 
deeper than the intermediate layer to generate electron-hole carrier pairs in the n-type layer, and the holes 
contribute to the photo-excitation current of the photodiode. 

The response of the photodiode is delayed because of the transit time of the holes generated in the deep 
portion of the collector contact layer (n-type layer) to the base layer by diffusion or drifting. 

In this state, even if a photoreceiver opto-electro integrated circuit is realized by forming a photodiode on 
the substrate on which the electronic circuit is formed, and an electronic circuit operates at a high speed, 
the response speed of the photodiode is low. For this reason, the operation speed of the integrated circuit 
cannot be easily increased. 

SUMMARY OF THE INVENTION 

It is, therefore, a principal object of the present invention to provide a heterojunction bipolar transistor 
which can be operated at a high speed and can increase a collector breakdown voltage. 

It is another object of the present invention to provide an integrated circuit device in which the operation of 
a photoreceiver opto-electro integrated circuit constituted by a Pin photodiode and a heterojunction bipolar 
transistor which are formed on the same substrate can be performed at a high speed. 
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In order to achieve the above objects, according to an aspect of the present invention, there is provided a 
heterojunction bipolar transistor comprising a collector contact layer constituted by a first semiconductor 
layer formed on a semiconductor substrate and containing an impurity of a first conductivity type at a high 
concentration, a collector region stacked on the collector contact layer, a base layer constituted by a fifth 
semiconductor layer of a second conductivity type formed on the collector region, and an emitter layer 
constituted by a semiconductor layer of the first conductivity type formed on the base layer, wherein the 
collector region is constituted by a second semiconductor layer, a third semiconductor layer of the second 
conductivity type having an impurity concentration higher than that of the second semiconductor layer, and 
a fourth semiconductor layer of the first conductivity type having a band gap energy larger than that of 
each of the first and second semiconductor layers and an impurity concentration higher than that of the 
second semiconductor layer and lower than that of the first semiconductor layer, and the fourth 
semiconductor layer, the third semiconductor layer, and the second semiconductor layer are sequentially 
formed on the collector contact layer in an order named. 

According to another object of the present invention, there is provided a photoreceiver opto-electro 
integrated circuit constituted by heterojunction bipolar transistors and a pin photodiode on the same 
semiconductor substrate, the heterojunction bipolar transistor comprising a collector contact layer 
constituted by a first semiconductor layer of a first conductivity type and formed on the semiconductor 
substrate, a collector region stacked on the collector contact layer, a base layer constituted by a fifth 
semiconductor layer of a second conductivity type formed on the collector region, and an emitter layer 
constituted by a semiconductor layer of the first conductivity type formed on the base layer, the collector 
region being constituted by a second semiconductor layer, a third semiconductor layer of the second 
conductivity type having an impurity concentration higher than that of the second semiconductor layer, and 
a fourth semiconductor layer of the first conductivity type having a band gap energy higher than that of 
each of the first and second semiconductor layers and an impurity concentration higher than that of the 
second semiconductor layer, and the fourth semiconductor layer, the third semiconductor layer, and the 
second semiconductor layer being sequentially formed on the collector contact layer in an order named, 
and the pin photodiode comprising a first conductivity type layer constituted by the first semiconductor 
layer formed on the semiconductor substrate, an intermediate layer obtained by sequentially stacking the 
fourth semiconductor layer, the third semiconductor layer, and the second semiconductor layer on the first 
conductivity type layer in an order named, and a second conductivity type layer constituted by the fifth 
semiconductor layer formed on the intermediate layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 A and IB are views respectively showing the energy band diagram and layer structure of a 
heterojunction bipolar transistor according to the first embodiment of the present invention; 

FIG. 2 is a sectional view showing the arrangement of a photoreceiver opto-electro integrated circuit 
according to the second embodiment of the present invention; 

FIGS. 3 A and 3B are views respectively showing the energy band diagram and layer structure of a 
conventional bipolar transistor; 

FIG. 4 is a sectional view showing the arrangement of a photoreceiver opto-electro integrated circuit 
constituted by the conventional heterojunction bipolar transistor and a pin photodiode; 

FIGS. 5A and 5B are views respectively showing the energy band diagram and layer structure of a 
conventional heterojunction bipolar transistor using a BCT structure as a collector; and 

FIGS. 6 A to 6D are views respectively showing the energy band diagrams and layer structures of 
heterojunction bipolar transistors to compare the present invention with conventional techniques. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described below with reference to the accompanying 
drawings. 
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First Embodiment 

FIGS, 1 A and IB respectively show the energy band diagram and layer structure of a heterojunction 
bipolar transistor according to the first embodiment of the present invention. 

Referring to FIG. 1, reference numeral 2 denotes a collector contact layer consisting of InGaAs containing 
n-type impurities at a high concentration and formed on a semi-insulating InP substrate; 3, a collector layer 
(fourth semiconductor layer) consisting of InP containing an n-type impurity; 4, a thin collector layer 
consisting of InGaAs containing n-type impurities at a high concentration; 5, a thin collector layer 
consisting of undoped InGaAs; 6, a thin collector layer (third semiconductor layer) consisting of InGaAs 
containing p-type impurities at a high concentration; and 7, a collector layer (second semiconductor layer) 
consisting of undoped InGaAs. 

Reference numeral 8 denotes a base layer consisting of InGaAs containing p-type impurities at a high 
concentration; 9, an emitter layer consisting of InP containing n-type impurities; and 10, an emitter contact 
layer consisting of InGaAs containing n-type impurities at a high concentration. Note that the collector 
layers 3, 4, 5, 6, and 7 constitute a collector CL. 

Note that reference numeral 1 1 denotes a discontinuity of a conduction band, and 12 denotes a 
discontinuity of a valence band. 

In this case, the thin collector layers 4 and 6 consisting of InGaAs reduce the influence of the discontinuity 
1 1 of the conduction band formed at the heterojunction interface between InGaAs and InP. That is, when 
the discontinuity 1 1 is continuously present from the collector layer 7, the discontinuity 1 1 serves as a 
barrier for electrons flowing from the base layer 8 to the collector contact layer 2. 

When the thin collector layers 4 and 6 are inserted, the energy level of the discontinuity 1 1 can be lowered, 
and the effective height of the barrier for electrons can be advantageously decreased. 

In addition, the thin collector layer 5 advantageously suppresses the diffusion of the impurities of the thin 
collector layer 6 and the thin collector layer 4 during crystal growth or device fabrication processes. 

As shown in FIG. 1 A, in this structure, most of the potential change in the collector CL is set in InP 
(collector layer 3) with a high band gap energy, thereby assuring a high collector breakdown voltage. 

In addition, voltage drop in the collector layer 7 is set to be small as in a BCT structure. 

In this manner, since electrons travel through .GAMMA, bands in most regions of the collector CL, the 
transit time of electrons in the collector CL is shortened. 

As described above, in the heterojunction bipolar transistor according to the first embodiment, the collector 
CL has a BCT structure, and the transit time of carriers in the collector CL is shortened. 

Since a portion which is near the interface between the collector layer and the collector contact layer and to 
which a strong electric field is applied is constituted by a semiconductor layer having a high band gap 
energy, a collector breakdown voltage considerably increases. 

In the first embodiment described above, although undoped InGaAs is used as the material of the collector 
layer 7, the material of the collector layer 7 is not limited to this InGaAs. . 

The collector layer 7 may be formed using InGaAs containing an n- or p-type impurity at a concentration 
lower than that of the p-InGaAs of the base layer 8. 

A thin layer consisting of InGaAs containing an n-type impurity at a high concentration may be inserted 
between the collector layer 7 and the base layer 8 to suppress the base widening effect caused by space 
charges in the operation of a transistor at a high current density. 

The minimum thickness of the collector layer 7 adjacent to the base layer 8 is not easily quantitatively 
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determined from the viewpoint of a reduction in a current blocking effect. According to an experiment a 
thickness of 40 nm is insufficient, and a thickness of at least about 1 00 nm may be required as the 
minimum thickness. 

The layer structure may be changed without departing from the spirit and scope of the present invention 
b or example, the collector contact layer 2 may consist of InP. 

According to the above structure of the first embodiment, large part of the collector CL consists of InGaAs 
to improve the earner transport properties, a high collector breakdown voltage is assured, and a current 
blocking effect is sufficiently suppressed. 

Second Embodiment 

FIG. 2 shows the arrangement of a photoreceiver opto-electro integrated circuit according to the second 
embodiment of the present invention. 

Referring to FIG. 2, reference numeral 1 denotes a substrate consisting of semi -insulating InP- 2a an 
InGaAs layer containing n-type impurities at a high concentration; 3a, an InP layer containing n-type 
impurities; 4a, a thin InGaAs layer containing n-type impurities at a high concentration; 5a, a thin undoped 
inUaAs layer; 6a, a thin InGaAs layer containing p-type impurities at a high concentration; 7a an 
intermediate undoped InGaAs layer; and 8a, an InGaAs layer containing p-type impurities at a high 
concentration. " & 

Reference numeral 13 denotes an emitter electrode formed on an emitter contact layer 10; 14 a base 
electrode formed on a base layer 8; 15, a collector electrode formed on a collector contact layer 2- 14a an 
ohmic electrode formed on the p-type layer 8a; and 15a, an ohmic electrode formed on the n-type layer 2a. 

The n-type layer 2a, the intermediate layer 3a, the thin intermediate layers 4a to 6a, the intermediate layer 
7a, and the p-type layer 8a constitute a pin photodiode, so the heterojunction bipolar transistor and the pin 
photodiode are formed on the same substrate. The same reference numerals as in FIG. IB denote the same 
parts in FIG. 2. 

Referring to FIG. 2, the collector contact layer 2 and the n-type layer 2a, the collector layer 3 and the 
intermediate layer 3a, the thin collector layer 4 and the thin intermediate layer 4a, the thin collector layer 5 
and the thin intermediate layer 5a, the thin collector layer 6 and the thin intermediate layer 6a, the collector 
layer 7 and the intermediate layer 7a, and the base layer 8 and the p-type layer 8a are, respectively 
simultaneously formed. ' 

In addition, the base electrode 14 and the ohmic electrode 14a, and the collector electrode 15 and the 
ohmic electrode 15a are, respectively, simultaneously formed. 

All layers with numerals 2 to 10 are formed by epitaxial growth. Predetermined regions of these deposited 
layers are etched using photoresists as masks to form the mesas. 

For example, an emitter mesa region as shown in the right of FIG. 2, which includes the emitter contact 
layer 10 and the emitter layer 9 of the heterojunction bipolar transistor, is formed by etching with a 
patterned photoresist mask. 

During this mesa etching procedure, the region of the pin photodiode shown on the left of FIG 2 is 
exposed without forming a mask to reveal the p-type layer 8a. 

Thereafter, when the processes for fabricating the heterojunction bipolar transistor are also performed to a 
region for forming the pin photodiode, the heterojunction bipolar transistor and the pin photodiode can be 
iabncated simultaneously. 

In the pin photodiode according to this embodiment, the intermediate layer 3a consists of InP with a high 
band gap energy, and the n-type layer 2a consists of InGaAs with a low band gap energy. 

Therefore, as shown in FIG. 1A, a discontinuity 12 of a valence band is formed on the heterojunction 
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interface of the intermediate layer 3a and the n-type layer 2a. This discontinuity 12 operates as a barrier for 
holes generated by photo-excitation in the layer 2a. Therefore, the holes generated in the layer 2a do not 
contribute to a photo-excitation current of the pin photodiode. For example, when a 1.3-.mu.m or 1.55- 
.mu.m wavelength is used for the incident light to the pin photodiode, no electron-hole pairs are generated 
in the intermediate layer 3a. Therefore, the response speed of this pin photodiode can be considerably 
increased compared with that of a conventional pin photodiode. 

When the thickness of the collector layer 7 or 7a in contact with the base layer is considered from the 
viewpoint of formation of the pin photodiode, this thickness is determined by the demand of the sensitivity 
of the photodiode. Assuming that the absorption coefficient of InGaAs for light with a 1 .55-mm 
wavelength is 0.68.times.l0@4 /cm, the thickness of the collector layer 7 or 7a must be set to be about 200 
nm or more to obtain a photo-excitation current of 0. 1 AAV or more. 

As described above, according to the present invention, the transit time of electrons in the collector is 
shortened, and an effect that a collector breakdown voltage considerably increases is obtained. Therefore, 
the bipolar transistor according to the present invention is variously applied as a transistor for an ultrahigh- 
speed.high-frequency integrated circuit or a transistor for amplifying RF power. 

In addition, in the photoreceiver opto-electro integrated circuit according to the present invention, an effect 
that the response speed of the pin photodiode is increased can be obtained. Therefore, the photoreceiver 
opto-electro integrated circuit operates at a high speed. 

The pin photodiode can be fabricated simultaneously with a heterojunction bipolar transistor without any 
special process. 

Finally, the structure according to the present invention will be compared with various conventionally 
proposed structures with reference to FIGS. 6 A to 6D. 

FIG. 6 A shows the basic structure of the present invention and corresponds to FIGS. 1 A and IB. 

In the structure according to the present invention, as described above, most part of the collector CL 
consists of InGaAs so as to improve the electron transport, a high collector breakdown voltage can be 
assured, and a current blocking effect can be sufficiently suppressed. 

FIG. 6B shows, for example, as described in Japanese Patent Laid-Open No. 4-127534 (published on Apr. 
28, 1992), a case wherein a collector has a structure of thick undoped InGaAs/thin p@+ -InGaAs/n@+ - 
InGaAsP (graded)/n@+ -InP. In this structure, suppression of a current blocking effect can be achieved as 
in the present invention. However, an increase in collector voltage does not cause a depletion layer to 
extend. For this reason, an electric field is concentrated (band gap is small) near P@+ -InGaAs/n@+ - 
InGaAsP, and a collector breakdown voltage cannot be assured. In addition, since this structure is a four- 
element graded structure, gradation cannot be easily controlled, and a four-element layer cannot be easily 
etched. 

FIG. 6C shows, for example, as described in Japanese Patent Laid-Open No. 4-245439 (published on Sep. 
2, 1992), a case wherein a collector has a structure of thin undoped InGaAs/thin p-InGaAs/thin n- 
InP/undoped InP. In this structure, InGaAs is present only in a region near the base layer, and the electron 
energy in this region is low, thereby minimizing the ionization in the InGaAs. In addition, an end of a 
collector depletion layer is certainly in InP. At a condition of high current density and a high collector 
voltage, an electric field tends to become strong near the end of the depletion layer, i.e., in the InP. For this 
reason, this structure has a high collector breakdown voltage. However, undoped InGaAs adjacent to the 
base layer is thin, and a notch is formed between p-InGaAs and n-InP. For these reasons, a current 
blocking effect cannot be sufficiently suppressed. In addition, the InGaAs layer is too thin to be used as a 
photo-absorption layer of a photodiode. So it is impossible to fabricate a photoreceiver opto-electro 
integrated circuit using this structure. Moreover, in this structure, since large part of the collector depletion 
layer is occupied by InP with an electron transport properties inferior to that of InGaAs, the operation 
speed is lower than that of the present invention. 

FIG. 6D shows, for example, as described in Japanese Patent Laid-Open No. 4-221834 (published on Aug. 
12, 1992), a case wherein a collector has a structure of thin undoped InGaAs/thin n@+ -InGaAs/undoped 
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InP. The feature of this structure are the same as those of FIG. 6C. 
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Claims of corresponding document: US55S7117 



What is claimed is: 

1. A semiconductor integrated circuit device comprising: a photoreceiver opto-electro integrated circuit 
obtained by forming a heteroj unction bipolar transistor on a first portion of a semiconductor substrate; and 
a pin photodiode formed on a second portion of the semiconductor substrate, said heteroj unction bipolar 
transistor comprising: a collector contact having a first semiconductor layer of a first conductivity type and 
formed on said first portion of the semiconductor substrate; a collector region stacked on said collector 
contact, a base having a second semiconductor layer of a second conductivity type formed on said collector 
region, and an emitter having a semiconductor layer of the first conductivity type formed on said base 
layer, said collector region including: a third semiconductor layer, a fourth semiconductor layer of the 
second conductivity type having an impurity concentration higher than that of said third semiconductor 
layer, and a fifth semiconductor layer of the first conductivity type having a band gap energy higher than 
that of each of said first and third semiconductor layers and an impurity concentration larger than that of 
said third semiconductor layer, and lower than that of said first semiconductor layer, wherein said fifth 
semiconductor layer, said fourth semiconductor layer, and said third semiconductor layer are sequentially 
formed on said collector contact, said pin photodiode comprising: said first semiconductor layer of the first 
conductivity type formed on said second portion of the semiconductor substrate, an intermediate layer 
obtained by sequentially stacking said fifth semiconductor layer, said fourth semiconductor layer, and said 
third semiconductor layer on said first semiconductor layer, and said second semiconductor layer of the 
second conductivity type formed on said intermediate layer. 

Data supplied from the esp@cenet database - Worldwide 
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sg 2 r ts» ®it*^ns ^a 

ittfgBSg 4 0*J»#JI©/t> K3rY y :/X*;M?-*». £ 

[81*^5] ^xag^A-l-tf-^h^v'X^iP 

ft;ftJll8MtS3fcHttT'»r> T, 
KEatdS&/H#-7 F^^X^fi, 
Mie¥*ft:S«i±lC&J£SnfcflI 1 ft«S<DSI 1 ©¥*S 

^w.2mn.m.<omza)^m¥f-mL, wtsfgiiSf^© 
t) *>a> -fx.*)),¥—ffi*.%< mmm 

2 ©*i*#ja ± o TO&ftjuEfttft^ * i *mi!©s)s 4 © 

*»»jit*6«|j*anr. frtE!t§4©¥ss#ji, sg3 

<z>¥«#ji, m,2<»*mfrmo>mzmu3i'V5'^>9 

5 hm±\zmm-$ntz-iu??i&wt, 

ifnanu- ^ A«wun::»*;*n;WB 2 «mg2©m 5 ©4 s 
5 ft*-*-;* Hi, 

mm^-xm±izMfcznrc& 1 «*3®¥*#m:» 6 

i ni7*K-f*- F«, 



(2) #$¥6-3 2 6 1 2 0 

2 

mfffiig i ««ne± \z mmm a <D*mwm iis 3 ©#s 
fc%tm2<D*mfr®ttfzL<»Mizmm-2titzt>m% 
t. 

ittc«t>mji±fc»i«anfci»EJ(i5fi!)*»»ji*6a* 

1R 2 i C i £#&if £&8tffc§ft[e] 

MESS i ©¥3S^s*»wgs 5 ©¥##g «fc o 

[81*8 7] ||:MI5Bft<DMM2S*BB&«V> 
T, 

MB* 1 ©¥ifM*Ba<fflSBSfI 5 ©#*#B J: D *>**6& 
gg*sfl£< SS 2**S-t?*SC i**»tr*JIMM:S 

[»*«8] m*m5%zwL<Dmmit&ft®mzt$\,> 

T, 

HfJlB^ 3 ©¥3|{Wi©A*> F** y 7"!*;^-*?, H 
a? ©e©*^«T«i^:i»:S2:i*»«i-rsjfeWtS3t 
UK. 

co o o i] 

5 h 7>-^X W^rnftW #-7 h 7 

iP i n!7* hy-f*-FJ:Dtt4*l*fls3#ia»fc 

BTt -5 %©-?&&. 

[0 0 0 2] 

[&*©&«] 'vr-ng^A-ftf-? F^>v>x*{i. 
50 ^-XJIJ; 0 t>A> F*Y ^y©7C^^#*{*:S:X5 -y 

££*TU * ; ES^A*'r#-7h7>xX^«t0feiSa 
A.^nJg^A'ftf-5h7>v t X* 
ibT, npnSlnP/InGaAslffltiCOAW 

[0 0 0 3] I3 4«, f*©AfDi^/H#-7h7 
> v>X * ©XJfcMF-A > F«jgi EflUS i &^-r»^ 
40 HT*5. C©'\xDg5-&A*-l'j}?-9hv>> 5 X^tt, 
^Jfeifitt I n PSS±CJg^3nfenS!?F>GfeSJi5«IS 
\ZStSl nGaAs*^3W3>W h^5 2 
i, 3ki7^3>^^7 hS5 2±lCJgfi£$nfenM^*fi 

nGaAs^f.4M-^I5 8i, ^-XS58±C 

5 9t« X5-^S5 9±\zmft$tircnm^fSHV!l*li6 
mmzSiS I nGaAsd^S5ISyi'3^i'M 
50 6 0 i*^«^anTV^. 75:*3, nU-^^3>3'^ h 
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3 

152, ^-x/g58, xs.y9i>99 bme Ot\Z 
jgj&an, en n/pt/Au»6« 

attTHSTv**. 
[0 0 0 4] £fc, ij0^fO^/H#-7h7> 

Sffl^T. P i nl7* h^*-K**ancWt 
T££. LfcfttoT, [t|-cDS«±(C^D^AW^ 

h9>^X*fc©*U^**ttrc** GOR: K.D.P 
edrot t i , N. H. Sheng, R. L. P i erson, Jr. , C. W. Far! ey, M. J. R 
osker and M.F. Chang, "Mono! ithic ul trabigh-speed Ga 
As HBT optical integrated receivers", Tsch. Dig. 1991 

GaAs IC Symp., PP. 205-208) „ 

[0 0 0 5] i5fl «*CD^D»§;H#-7h5 
>yX?tP i nSI:7* h^*-Hto*«Mtft»ia 

ffigftlnPd^WM, 5 2 attnS*tt4fc*j*« 
SI:ttfInGaAs^6S*nai, 5 7 ailnl? 20 
WftfS^tTI nGaAsj&^WBl, 5 8aJ4pffl 
*ttW*S5»flHC^tH nGaAs^S&SpfilT* 
SJIOD, nai5 2at*l(l«5 7atpai5 8at 

[0 0 0 6] 6 Hix* y*n>$^ hjg6 0± 

f&att£^~xsi$, 6 3\tuu99=i>99 hms 2 

±^*i«*tlfc3l/^^««1?*0, 6 2a(JpIg5 
8 a±JC»*Sn&*-^y^«tt, 63a(j:ni@5 

[0 0 0 7] H5iCfe^T, nV99^t>99 hMS 2 
tnli5 2a, 3 1/^^15 7tMS5 7 a, 
®^-X@5 8 tpSSS 8 attt, ^ft^ftl^KX 
l***5/*/kj**fcJ;D#aans. £fc> ^-Xiffi 
6 2t^y**a6 2a, 3l/^^fffi6 3tt- 

5-^ti6 3a tti*n*nHi»fc»tiian*. 

[0 0 0 8] CCT. 3l/^ftAUXr>f^'3l/ 40 
05/ a > • Y^>97s9 (Ballistic Col 
lection Transistor, HTBTC<L 

^v) mfctrzzt-c, b9>vx9omttm&*± 

£LT\ BTC«jft39KIBIKatU fittfcttoW* CSt 
Mt : T. Ishibashi and Y. Yamauchi, "A possible near-ba 
llistic collection in A 1 GaAs /GaAs HBT with a modif 
iedcol lector structure, "IEEE Trans. Electron Device 50 
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4 

s, vol . 35, pp. 401-404, 1988) . 

[0 0 0 9] ££>BCT«jgfci, H6fcSKfJ:3fc, * 
««*«*S**fctfi I nGaAs/B5 7 bt, piPK 
MttSSHBflnc-gtfl nGaAsiS 7 c t> nSPfllfi 
«&B«ftte'&tM n GaAs® 5 7dt*6, 04 

I nGaAsi57ctInGaAsg57dtTpn 

*t, cor#j;o±fl!)x*;^-ipffiK:*«L#fc«p» 

[0 0 10] 

T»wa«ff«a**cfc^#av»t^3iB«39«*Q' 

HlllftBffa««%:«tC£SA:*J9E(cWX.6n«J:3 

fP^m^7h7>^^tlt MHttUC*» 

a^¥»fl*&fcD. 3l/£*WE£f*a». 
[0 0 1 1] B4CiR-t\fc3K:, InGaAs£ 

tt, InGaA8(OA>H^y^X*M-*0. 7 
6eVt*S<tJW«l«#*tk X^ 

l/fc«fflT©3l^^^W£E«J«»T/ha^. Ufctf? 

a«c:t««-e#a:*^fc. 

[0 0 12] ^□Jfc^A-f#-^h7>^^ 
IT, H-©**«:HR±feP J n!7* 

< n$!Jf STjIALT, nS!JiSi8JT^«^&rXiE?L«) 
*+U7»*4J«a*, *OjE?L^* l^-ftf— F*> 

nyzzvm (nil) »»T*«anfciEa3»«^-x 

[0 0 13] ***«RT?li fiCAfnW/H*- 
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££:«B»Tftofc. fix, h^>vX*a#<BSifp 
M/n V55n>55 Mcd«##15t <k 0 1-^^^ 

[ooi4] zicawtt, £i±©«fc5awBjftt*iH"r 
±{3^riEanfcp i nmy * h?^ t^ate^ 

[0 0 15] 

i mmmnm 1 oJMWMfl* sftanw^n^^h 
'mb* m2<D¥m#m, w,2<D^m^m^yfvmm& 

fr» J: 0 A > H * * y :/x* Ji^-a*** < Sg 2 co¥ 

o rtHMueasKv** i mmmvm 4 cd*5»* 

»2*«S[<0»5©*»<*:Ji*6tt-6^-XIBi, 

[0 0 16] *fc, co»«oil8(A:S%@tta. ±13 

^*^Hi^H-©##*«S±fcWrtan, £©P 
i riffle* h^*-F*¥«IMMK±fc»j«anfc» 

\z%4 o*mwm tm3 <D*m&mtm 2 <D*m&m t 

IS 5 6 feSfll 2 <h **** C t * 

[0 0 17] 

So ^-os«±^siaft$nsp i n^^^-h 

□ ^ h ^ >S^X ^ con ^ t 

- H©*Bje««ic^bT*i.w*ffl«T*«ans» 
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[0 0 18] 

B7t*f #—9 h^>>?X^0!)x*;V^-A*> KKBttJB 

ft I n PSCJ:a)na7»Ett«XaSl^tr I n G a A 
s^SiiSnH^^^^^H, 3l2nSI7Ktt«£' 
10 tM nP#64MW^i <ft4CD¥tt{tJI) , 4tt 

5ttmtt7NflMt^InGaA8 

*H) , 7 tt**tt^JK«*-&a^^ I nGaAs#6 
^3L/^^S 0B2©¥«ftJI) Tft£, 
[0019] 8«p^CD^iffi»^S5»«lC^tPI 
nGaA8^5aM-7E 9«nS^f^ 

ft*, fc** 1 lttfi«MFtiD7Slt. 12«MffO 

[0 0 2 0] C^T, I nGaAs^6ftSj|H3l/J 
*JB4, 5 11 1 n G a A s <!: I n P COAfDg&^IH 

£*JB4. szmxirzzt^ *mmi icx^m 2 

a^{C, mui/^^i5[t 
^^■6tm*3U^^Jl4t©^»B*lK^ »B& 

[0 0 2 1] HI (a) COHim 
^i*K-o**^inP (3]/2?m3) £R5£L 

40 !/^^®7<D*CDmjE|^T^, I n G a A s <D(m&<D 

[0 0 2 2] fil±5RL&J:5fc:, £<£^iS0HcO'vrn 
50 55 hliajHEflhfc A>H*t!y^x*W-©*s 
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[0 0 2 3] &*±3B«B«iTtt> ai/^^!7l:i 
I nGaAsSSW, Z.tl\Z 
SSfeOtBS^. ^S8©piInGaAsJ;D 
t>fflWOnat>l/<l4pSO?«»mfiI nGa 

**B7i^--XB8i©rafc* n9^Ktt£SBSl:: 
*tf I nGaAs^64§iSjfAlT, h^>>>X* 

D«F**(lliaif *±5fcL/Tt)A^ fbT, nl/^^ 
:3>*^ hB2* I nP^6»jsS-r«a£**M<0ftli 

[0 0 2 4] 3ltt0!|2. -H2ttv Z<Dftm<n$&2<D$m 

V»T, 2 2 ttn SriWtniCCMG a A b » 
§3l/^^a>^^ h)|, 2 3ttnH^lfift**trA 1 

lCfttrGaAs»&tt£ffV>al'jrj'J|. 2 7tt3l«i4 
^F«*S*aa:^GaAsd*6a:«3W'^^H, 2 814 
p 97N««XaSlZfrtr A 1 G a A s rt^fc*^-* 
B, 2 9ttng7Mbe^&A 1 GaAs*6ttW5 

[0 0 2 5] it^AlOM^M 
£ffc£1*T&£c Tft:b^ nl/^B2 3«D3l/i^ 
hS2 2 t<B*JM*i!re«A 1 <Dm&lt\*0 
%, 3H?I2 3©4»*g5TttA 1 <BififiUt;tt3 0 
X, 3l/^4rj|2 30»V^V^^B2 6t<Z)*IMtiE 

t«a i <Difijfcjttto*T*o, cneantiKMKSfl; 

[0 0 2 6] ^-712 8, X^7^I2 9iC43 

t^Tfc, B + ©Aloa*Jt**<tS*T»*. T&fc 
"6, ^XB2 8Wl/^^I2 7 t0«»#i5THA 

1 CDft/fctfc**0%, ^Xi2 80X>«^St« 
ttSSTteA 1 CD3ft^it*U 2%TS0> cn^«8»K 
*fl;UTV>*. fit, X5 7^l2 9W-Xi2 
8 tOiftftttifiTttA 1 «D»8Jt**l 2 %T&£t«B<fc 
^-X@2 8*6in5l:l/fc^oTA 1 ©ttflcJt 

#3 o %^tmmmz&{tvT^z>. 

[0 0 2 7] AlGaAsft A 1 ilft«jt»C<t-pT-t<0 

# a >H^t^ 7x* jm*- i*. u^^o 

T, ai/^*B2 3^T±a?Oi^{CA 10>&j&Jt£^ 
ftSttactKcfcrK S2 (a) fC^fcfcSfc, 3 1/^ 
^12 3fc*^T*frftA>H^^!yyx*;^-©« 

•So 3U**B2 7Kfctf*«flE(rF*0. 3e 



(5) ^58^6 — 3 2 6 1 2 0 
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=F-!ptt<Oj*ViL«ricDx*;p*-«cfcD/ha< (BC 

T»ifi) , rnjsm &w«©»**irr*. z<d 

<, xs^^3>^^hBftx5y^B±Jr»«b&D 
[0 0 2 8] 3kJM3. B3lt ZKD»9Hfcl5B-*J8 3 

JO 2 aHnfi?F|fi«ftiamKic$tri nGaAs^64S 
ngJB, 3 altna?MHkt^& I n P*6a*4»H 
B* 4 a BnlO^MKiSJSISI^tf 1 n G a A s * 
&ft««V^ni|. 5a«Mtt?M«m^ln 
GaAs^^^W, eattplOTIMiM 
I nGaAs^^^il^ffll, 7af4i 
■tt^Mftt^tft^ I nGaAs^Wt^mi, 8 
a tt p Sl^ttttSiKaiflH^tJ InGaAs^^5p 

[0 0 2 9] 1 3teX*y*n>^ hBl 0± 

^ CM^n/iX^y^fi, 1 4tt^-XB8±te»J« 

*«Sn&3l/^^MtfftD, 14af4pfl8al 
£»Jft3nfc*~$?jrflM. 15a(4nlI2a±(: 
»«Snt*-5!;>tiT?*5, £<7X nI12a<!: 
+WB3 at*t"t>mft4 a- 6 at* P^B7 atp*S 
B 8 a ttP i ni7^ t- K«$n, H— 

[0 0 3 0] BmcfeHT. hB2 t 

n£!B2a, 3i^*B3 t*ffflB3 a, 
84tm^fflS4a, SV>3U^B5 tUfV^WB 
5a, »Va^^6^WI6a, nVZfM 
7(hTOi7a, nII^X!8 tpSB8 a tte> 

ffii 5afefn*nRim:»issn*. 

[0 0 3 1] C©««Mb«3t0»-Ctt, Sfi l±\ZZ*U 

40 ^InGaAs^^, X5>^a>^^h@l 0 t&£ 
nS^»E«3&«*«§Efc**n«InGaA8*Tf*, IS 
*xe^*yrMfiiaO*8Mt, e:n££:7* 
hlcJ:^*TX^^fflViT^fScD®®^x^5 1 > 
tKADEMc-r*. MAtf, 13 3 (b) (c^c 

^hBlO, x^7^89^aMll £co®«£ 
y^YUVTs h&£<D/1^->*VX*tLTttHLT 
Xy?>yf«CiKJ:0»rtr-5. 
[0 0 3 2] CCOX^ 7^3>^^7hil 0(hX>7^ 
5S9 B9<0»jsKWPfc, S3 (a) l;StPlna7*h^ 
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9 

f$.r%rz#)<DX&&, P 3 n§?7* h^-f:*-F£^£ 
*£P i n^7^h^^-Ht^®i±fc^WC^ 

[0033] ^(Dmmmnv inmyxvy-i*-^ 

^WS3aJi^>H*^^yx^;^-co^^i 

»^T, St©AfDS^Ii:(t 01 (a) KtkLAc 
^lil2H P i nf7t h^^-HCD^®g^J: 

[0 0 3 4] ZOmmmOP i nM7*hy-1 

*ffim 3 a ©tT^if - IE7lft££j££i*&K 
T, CCDP i ni7;t F^Jftg&Jt 

Q±m\zfa±-rz>zttfxzz>. z.(ommit&yt 
mmzmmw2x^Lrcmm^m^xhmmuMm^ 

[0 0 3 5] 

mW<D%m £k±MWLtzJ:olz. £0&Wlz£ti 



10 



[0B<Z>«MlfcSMIiJ 

[Hi] £!OAna>l«ltM"Cft«^7Dtt^yw«- 

io rm&wx&z. 

[02] u O^B^OI 2 ^lMT*^)AfDSS;H 

#-7h7>^ ox*w^ > mm t mm& t 
[H3] z<n&mz&iizm3vmmMx&zMmt& 

[04] t¥*0D^\^D^AV#-^ h7>yX^M 

[0 5] ffi*o^nSf-&n>f#-7h7>^x^tP 

[06] 3 l/?^l:BTC*lSiBv>fta*OAf n» 
d/W ^ h 5 >^*^cdx^*-/\*> F*i§<tJS 

[8F*tCDK91] 

2 ni/^^n>^^hg 

3 nVZ$m 

4, 5, 6 tffrOUjr^Jl 

7 31^*® 

8 ^-xn 

30 9 15^*1 

10 I5y^>^M 
11,12 ^gtt 




[02] 



Cb) 
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(si) int. ci. 6 mmn if\Hmmmn fi sma^am 

H 0 1 L 31/10 



(72)%^# tffHJ (72)%HJ# 

*^FttfflKl*l3tl«riTBl#6<f 0 ^ffi^fflK«#»riTBl#6^ 0 
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